In recent years novel potential pharmocological candidates have been looked for in animal, seaweed, sponge, fungi and marine bacteria resources. In this study, matrix metalloproteinases (MMPs) that play an important role in metastasis, arthritis, chronic inflammation and wrinkle formation were used as target enzymes to screen therapeutic agents. The inhibitory effects of several marine algae including green algae (5 species), red algae (18 species) and brown algae (4 species) methanolic extracts on MMPs were investigated in human dermal fibroblasts and human fibrosarcoma cell line (HT1080 cells) using gelatin zymography. In human dermal fibroblasts, the inhibition of MMP-2 was observed in Laurencia okamurae, Polysiphonia japonica, Grateloupia lanceolate and Sinkoraena lancifolia of red algae. In contrast, MMP-2 activation was enhanced in Enteromorpha compressa and E. linza of green algae, and Peltaronia bighamiae and Sargassum thunbergii of brown algae. In human fibrosarcoma cells, MMP-9 activation was decreased in the presence of S. thunbergii of brown algae, Polysiphonia japonica in red algae and E. compressa and E. linza of green algae. The interesting finding is that E. compressa and E. linza of green algae, and S. thunbergii of brown algae exhibited a positive effect on MMP-2 in normal cells, but a negative effect on MMP-9 in cancer cell lines. These results suggest that E. compressa and E. linza of green algae, and S. thunbergii of brown algae contain potential therapeutic ingredients for cancer treatment.
Introduction
MMPs have been reported to be involved in the degradation of extracellular matrix in process of several diseases such as chronic inflammation, periodontal disease, chronic obstructive pulmonary disease, arthritis, and cancer metastasis, and also in the aging process, such as skin wrinkling [4, 6, 20, 22, 25] . MMPs are a family of secreted or transmembrane zinc-endopeptidases that are capable of digesting extracellular matrix (ECM), such as fibrillar and non-fibrillar collagens, fibronectin, laminin, elastin and basement membrane glycoproteins under physiological conditions [3] . The MMPs in tumor growth and invasion have been identified revealed by studies with either MMP-2 knockout mice having reduced melanoma tumor progression and angiogenesis [13] . In recent years it was reported that ultraviolet B-induced enhancement of gelatinase activity in the skin contributes to wrinkle formation through the destruction of basement membrane structure and dermal collagen and thus topical application of inhibitors of MMPs may be an effective way to overcome this problem [12] . Therefore, inhibition of MMP activity in the extracellular space has been extensively studied as an approach to inhibit metastasis and wrinkle formation. At present, several MMP inhibitors are under clinical trials and most of these MMP inhibitors are synthetic peptides, chemically modified tetracyclines, bisphosphonates or compounds isolated from natural sources. However, most of these drugs are reported to exert side effects such as, musculoskeletal pain in tendons and joints [18] . Until now, MMP inhibitors that are capable of applying to clinical trials have not been reported from marine resources. Therefore, we took an effort to screen marine algal species possessing MMP inhibitory compounds. Based on our screening studies, the extracts of 3 marine algae present in the subtidal regions of Jeju Island in Korea had an excellent efficacy to inhibit MMP activities. Enteromorpha, an edible green alga, produces a dizzying array of bioactive compounds that have proven to be useful in the treatment of certain bacterial & viral infections, cancer and inflammation [10, 19] . Enteromorpha compressa, a marine green algal species, grows extensively in North coastal Andhra Pradesh. Besides its nutritional importance it has also been identified as source of anti-anaphylactic compounds [25] . Green algae of the genus Ulva (syn. Enteromorpha) are common, green macroalgae found throughout the world in the upper intertidal zone of seashores and as a fouling organism on a variety of man-made structures including ships' hulls [2] . Sargassum fulvellum known as Hejo is used as a food additive , and recorded many uses in treatment of lump, dropsy, swollen and painful scrotum, and urination problems with no side effects. [5, 14] .
Therefore, in the present work we carried out a detailed study to investigate the inhibitory effects of several algae on MMPs secreted from normal human cells and human fibrosarcoma cells.
Materials and Methods

Chemicals
Dulbecco's Modified Eagle's Medium (DMEM), Trypsin-EDTA, penicillin/streptomycin/ amphotericin (10,000 U/ml, 10,000 μg/ml, and 2,500 μg/ml, respectively) and fetal bovine serum (FBS) were obtained from Gibco BRL 
Preparation of seaweeds extract used in this study
The seaweeds used in this study are as follows:
Pterocladiella capillacea, Scinaia okamurae, Laurencia okamurae, Grateloupia lanceolate, Chondrophycus undulates, Gracilaria textorii, Polysiphonia japonica, Halymenia dilatata, Gloiopeltis furcata, Glacilaria verrucosa, Chondria cssicaulis, Chondrus crispus, Prionitis cornea, Ecklonia cava, Martensia denticulate, Lomantaria catenata, Acrosorium flabellatum, Sinkoraena lancifolia, Geldium amansii, Shizymenia dubyi, G. elliptica, Capopeltis affinis, G. filicina, Pterocladiella capillacea, Scinaia okamurae, G. lanceolate of red algae, Codium contractum, Hizikia fusiform, Enteromorpha compressa, Ulva conglobata , U. pertusa, Monostroma nitidum of green algae, Myagropsis myagroides, Sargassum horneri, Ishige sinicola, Pachydictyon coriaceum, Idhige okamurai, S. siliquastrum, S. coreanum, Peltaronia bighamiae, S. thunbergii, S. thunbergii, Padina arborescen, S. fulvellum, Myagropsis myagroides of brown algae. They were col- The data were expressed as mean from at least three independent experiments and p<0.05 was considered significant.
Gelatin zymography
Activities of MMP-2 and MMP-9 were determined by zymography as described previously [11] in the presence or absence of seaweeds extract. After cells were exposed to various concentrations of seaweeds extract for 1 hr prior to treatment of 10 ng/ml and 100 ng/ml PMA for HDFs and HT1080 cells respectively, incubation was continued in FBS-free medium for 3 days. Conditioned medium containing 50 μg of total protein (or reaction products of various concentrations of EC extract with active MMP-2) was resuspended in a sample buffer (125 mM Tris-HCl, pH 6.8, 3% SDS, 40% glycerol, 0.02% bromophenol blue) without boiling and electrophoresed under non-reducing conditions on 10% polyacrylamide gels containing 1.5 mg/ml gelatin.
After electrophoresis, the gels were washed twice with 50 mM Tris-HCl (pH 7.5) containing 2.5% Triton X-100 and incubated overnight at 37°C in a developing buffer containing 10 mM CaCl2, 50 mM Tris-HCl, and 150 mM NaCl.
The gels were stained with 0.25% Coomassie Blue R-250 in 30% methanol and 10% acetic acid, and de-stained in the same solution without the Coomassie Blue dye. Gelatinolytic bands were observed as clear zones against the blue background and the intensity of the bands was estimated using Image Master Software, Amersham Pharmacia Biotech (Sweeden).
Statistical analysis
Comparisons of all data were performed using two-tailed, unpaired Student's t-test. A P value less than 0.05 was considered statistically significant. Data are expressed as means ±SE.
Results
Effect of seaweeds methanol extract on cell growth
The aim of this study was to investigate the inhibitory effect of seaweeds methanolic extracts on MMPs activity in normal human dermal cells and human fibrosarcoma cells. First of all, the cytotoxic effects of seaweeds methanolic extracts were examined by MTT assay. As shown in Fig.   1 , even though all data were not shown here, all seaweeds methanolic extracts did not exert any cytotoxic effect on HDFs at the 1 μg/ml. Therefore, all seaweeds methanolic extracts with no cytotoxity could be focused for screening of therapeutic candidates in this study.
Inhibitory effect of seaweeds methanol extracts on MMPs activity in human dermal fibroblasts
In order to investigate whether seaweeds methanolic extracts inhibits MMPs secreted from HDFs cultured primarily from human fetal skin, conditioned medium of HDFs treated with seaweeds methanolic extracts at 1 μg/ml for 6 day after treated with PMA to induce MMPs expression was subjected to gelatin zymography. As shown in Fig japonica methanolic extract inhibited MMP-2 activation by more 30 % than doxycycline treatment group. In next experiment, both I. okamurai and S. coreanum methanolic extracts showed MMP-2 inhibition by 50% compared with Blank group. However, it was found that G. furcata methanolic extract inhibited MMP-2 activation compared with PMA treat- ment group, as shown in Fig. 3A . In contrast, both P. bighamiae and S. thunbergii methanolic extracts greatly enhanced MMP-2 activity compared to PMA treatment group, as shown in Fig. 3B . They exhibited 3 times more inhibition of MMP-2 activity than PMA treatment group. The excellent inhibitory effect of E. compressa methanolic extract on MMP-2 activity was observed in Fig. 4 . Furthermore, 50% more inhibition of MMP-2 activity was observed at 1 μg/ml compared with doxycycline treatment group.
Inhibitory effect of seaweeds methanol extracts on MMPs activity in human fibrosarcoma cells In this experiment, the effect of seaweeds methanolic extracts on MMPs was examined in human fibrosarcoma cells, HT1080 cell line that has widely used to study metastasis.
In a similar method to normal human dermal fibroblasts, the conditioned medium of HT1080 cells treated with seaweeds methanolic extracts at 1 μg/ml for 3 d after treated with PMA was analyzed to analyzed using gelatin zymography. As shown in Fig. 5A , the gelatinolytic activity in Fig. 7A . two seaweeds were found to be effective in inhibiting MMP-2 and MMP-9 activities. E. linza methanolic extract showed a similar inhibitory effect to doxycycline treatment group. The other seaweed, P. japonica methanolic extract completely inhibited MMP-2 and MMP-9 activities.
In results of Fig. 7B , it was found that Peltaronia bighamiaemethanolic extract has a inhibitory effect on MMP-9 activity.
Inhibitory effect of 4 seaweeds methanol extracts in a dose dependent manner on MMP-2 and -9 activies in human fibrosarcoma cells
In order further confirm whether the seaweeds selected from above screening assay exert an inhibitory effect on MMP-2 or MMP-9 activity, 4 kinds of seaweeds methanolic extracts with increasing concentration were treated to HT1080 cells. As shown in Fig. 8 , S. thunbergii methanolic extract did not show any clear inhibitory effect on MMP-9 activity, wheras it at 10 μg/ml exhibited an inhibitory effect on MMP-2 activity. In contrast, E. linza methanolic extract not only revealed an inhibitory effect on MMP-9 activity at a concentration of 10 μg/ml but also exerted a dose dependent inhibitory effect on MMP-2 activity. Other two seaweeds, P. japonica and P. bighamiae, were investigated for the effect on MMPs activity. As shown in Fig. 9 , it was observed that while P. japonica methanolic extract did not exhibit any inhibitory effect on MMP-9 activity, it showed a clear inhibitory effect on MMP-9 activity at a concentration of 10 μg/ml. However, P. bighamiae methanolic extract exerted an inhibitory effect on both MMP-9 and MMP-2 activities in a dose dependent manner, indicating that it may be a potential candidate for chemoprevention of metastasis
Discussion
In our study several marine seaweeds including green algae, brown algae and red algae collected from the southern as an adjunct to scaling and root planning [7] . Furthermore, Periostat ® (CollaGenex Pharmaceuticals Inc.), a tetracycline analog containing doxycycline has been reported to inhibit collagenase activity but failed to act as an antibiotic [8] .
We wondered whether a pothetial candidate could be screen
from seaweeds and what is difference in effect on MMPs activity between normal cells and cancer cells. Our results demonstrate that same seaweeds are able to exert different effects on MMPs activity. These results suggest a possibility that a therapeutic agent can act an efficacy in normal individual and patient with cancer diffentially. In our study especially P. bighamiae , a brown algae, and E. linza, a green algae, revealed any clear inhibitory effect on both MMP-9
and MMP-2 activities in human fibrosarcoma cells, indicating that they can possibly be a candidate to further study a concrete mechanism and single compound from them.
Previous study on Peltaronia bighamiae have reported that high content of active compounds such as polysaccharides >30 kDa pholorotannins is responsible for anticoagulant activitiy [26] . Enteromorpha linza was reported to have an anti-inflammatory activity [16] . Furthermore, its inhibitory effects on MMP-2 and MMP-9 activity at the same concentration were more effective and that of doxycycline. In addition, our results demonstrated that both P. japonica, a red algae, and P. bighamiae, a brown alga, methanolic extracts revealed an excellent inhibitory effect on MMP-2 activity.
Our findings are consistent with previous study in detail on P. japonica that it attenuates Wnt/beta-catenin signaling via activation of NF-kappaB and can potentially be used as a chemopreventive agent against colon cancer [9] . On the other hand, recent study has shown that a water-soluble extract of P. binghamiae inhibits the expression of adipogenic regulators in 3T3-L1 preadipocytes and reduces adiposity and weight gain in rats fed a high-fat diet [15] . Moreover, the inhibitory effects on MMP-2 were observed in L. okamurae, P japonica, G.. lanceolate and S. lancifolia of only red algae.
In contrast, the positive effects on MMP-2 activity were found in E. compressa and E. linza of green algae, and P. bighamiae and S. thunbergii of brown algae. In human fibrosarcoma cells, the inhibitory effects on MMP-9 were observed in S. thunbergii of brown algae, P. japonica in red algae and E. compressa and E. linza of green algae. The positive effects on MMP-9 activity were not observed in any algae used in this study. HT1080 cells mainly release proMMP-9 and a little amount of proMMP-2. In contrast, proMMP-2 is mainly expressed in HDFs. The interesting finding is that E. compressa and E. linza of green algae, and S. thunbergii of brown algae exhibited a positive effect on MMP-2 in normal cells, but a negative effect on MMP-9 in cancer cell line. Previously it has been reported that fibrosarcoma HT1080 cells secrete type IV collagenase, MMP-2 and MMP-9, and that these enzymes play a major role in cancer metastasis [27] .
Furthermore, MMP-2 and MMP-9 can degrade type IV collagen of base membranes and known to play a crucial role in cancer invasion such as ovarian carcinoma [22] .
Moreover, above results confirmed that the innibitory effect on MMP activity exert depending on cell types. Therefore, it can be presumed that E. compressa and E. linza of green algae, and S. thunbergii of brown algae contain potential therapeutic ingredients for cancer treatment. In particular, S. thunbergii that inhibits MMP-9 in this study was reported [23] . Therefore, these results suggest that the activity which S. thunbergii exerts MMP-9 inhibition as well as ROS scavenging effect may be caused by hunbergols and tetraprenyltoluquinols.
In conclusion, although our results show in vitro effects of the seaweeds methanolic extracts on MMP-2 and MMP-9 activities, it provides the first experimental evidence that some seaweeds can be a potential candidate to develop active compounds capable of inhibiting MMP activity for chemoprevention of metastasis.
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